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(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately measure the 
film thickness and the distribution of film thickness 
without influence of a base pattern by optically obtaining 
a film thickness of a transparent film according to the 
frequency and phase of spectral waveform of a detected 
reflection light. 

SOLUTION: A light reflected on a wafer passes through 
an iris focus 1 0 and a lens 9 t and its optical path is 
changed through a beam splitter 8 and enters a 
diffraction grating 1 1, A light splitted spectrally by the 
diffraction grating 1 1 is formed on a detector 12, and its 
spectral intensity distribution 1 5 can be obtained. The 
reflection light produces an interference due to a film to 
be measured, and it has a distribution of spectral 
intensity corresponding to the structure within a film. 
The distribution of spectral intensity is subjected to 
film-thickness calculation processing such as correction 
and frequency analysis, etc., so as to obtain a film 
thickness. A light source having a wide wavelength band 

range such as a tungsten halogen lamp, a xenon lamp, etc., is perferably used as a white light 
source 6. A laser light with a plurality of different wavelengths may be also used. A CCD two- 
dimensional sensor or a one- dimensional line sensor may be used as a detector 12. 
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«**#©IB©KiSa**ft^. ft*§lc<k&3fLffiTteJi3fe 

jfi(©*-&tc^^Ti»BjL^, A^->#<*g®Jl©«£- 
-5-©iBliiPJlO|fi»I(tS*^»#liiO«^0 2 0 

tt*»*f- Jfc©HflU;:jSce>&n«-&a*&<5. ;!©*§•& 
»HJ«1&S/JnS fK&©MJ»tftttSM<i© 

CO*tiE©fc«>©i8i«l**Jffir**ffii:UTtt, «S6R 

S« *&. te©«*T*S*lJStt«3£«£flJ^T*IR© 
tt»£ffl-«U -tO«-»»*i:**ffi-C©9f-ailS*4:* 

«ffl-a*Hfc»caawu *<DE.m9t<DftytMfiiim8iftft 

©SiS#£fc'h$<&S«k5&A<7J* — (V<< 
v"r-< >>/) r«r^lcJ:QKJP«||tU-r«!:&«tT« 

* (ia8#fi8) . c©^ffifcse*«. H-mavATtf-a 

LfrU «*«H4©«fc3&tt««»rtT*ii#-«T 

av»«^Tt>. *©*iSi*ifiK:aiH-r*ia&r©*«* 
siMurfcBioAftntf. mm^-mums tmmiz y 
■< >y\z&Qmm&£f.m-rz>z.ii&-c&z. mm 
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mv>m^t±7 4 )V99um\z*. o #£©«»»©«»*» 
^©®ffl#&©#iiS0ij£^T. sffl^tetcgrrssg-© 

*J£0iJ£0 8 (a) K^f. ©*860ij«!iE*©Stan 
d-alone^"f ^OUtJPW-ajftBOf^toOfcsjcfgWOfflUP 

Stand-a!one^"f ^Tfe-Sfc* 1 tfc©>7xA3;fc« 1 

*M#J£0 8 (b) K*R"T. 8^©*l80!|ttW*ini** 
h ^-(cMi^tlS^TW^xAaf SSSO©^ 
m-vmmmizj: 0. in-Hne©ttaia«iniB£&*. 9 
©fW^?*$^-r„ M-ML£KJ**&. W*U-hSHC 

£ffl-fflbfc«£, BUP*fE»©KJ«f-eaj£?-3IK©ift 

B*ns. »6nfcBt»*«*»s-e-n3&*3ra©«iffca 

LT^te^*^©^ x A©Wrai^£«»f-r ■£> £ 1 1) 
T?*4. 3Bfl!#ftfcl»-r*JB=©*iS0!I*ia8 (c) 
it. &i±ift#ifc 1 €0f«fi29l::l9:SU Sf«M29^E 

&KwrsiB=©*is«»;:j:t>, imis+wr -suite 
©*66«K«k o. w-abfc«ijp«*©ipjffl*ft&iftwr 
iDx-rs^xA©w^ratc7^ — KAy^-r*. Sffl 
«jp*n«©Btj?«-Ta«-r*iB©^x/N©D- 

W« fir o T 1/ ^ -5 r> x A © W«B# PbI (' 7 - K / \* y 

mm<Dmm\zmLT^zt>\ *fc«^«>«:sbfcgtj»© 

teH fC A o T H S ^ £ WKf UftDX©^T ^ «3tf -6 C <h 

®ffl^fetcp-r?.^Bg©*SS0i]&0 8 (d) 
Kit. ^B3©*ig«fiJ«CMPJ!lDX^-P#'t'»fL. >^x 
A^«ffl28SW*«29*» 6« U W*«29 1 a: A^«f* 
28t©F B 1(C^tB^^^ 1 A. Sfctt9iA$»ft28 
^WS^29±«t Of S LTW*«^ifiCK«bfc*Ui3tt 

**±fc»»brji!tjp©«-a*ff5. iSffl^fteicK-r-s 
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-l ineT-tfiwojfjg mmumizm? ^mm^ 

p- K*s«fctfiftt* • teJ*fc»T*i*lBl*«irc*x;u- 

^ffl^Tfc^^ (01#1) . 0 1 0 izmHtffr^&CO 

v vfzsT-jjfa&^z.. u>x (i) mz&onm 

xA2) ±£Si#t£ft&. ttfc^ewSltftteU^X 
(2) 37*^LTS»ttO©!a«!l*ttfc-rb!>*-;i'38 

*»ffittt^l«7-<;P^39*«KBISntt»K«kS*aJt 
fcje>©CCD*^741SrKHbT^«>. &ttl3te3*SMwl4 

2t4&u>x<DNA£#i§:-rs i &ga*&2>. waibfc 

ttSU NAO»f6M»*fctt^S*4*ftfe»*. 

ft*. «^ffl««ttttWlx£##»»J&>S©«tJS<B»tH 
OMfeZfto. **8BttttM***©*it-*»#R«©«- 

a. J: -3 TJ4, fhaSUiMX, A^->© 



%£ifi<t> 1 0 vmiKOjl^, ± 1 MmgS©{£Bfti& 

S$ fcttlhaSW*/^ ^ - >£ 1 7 ? -f * > h * & tty- ^ 
** (HI 1) . A^->gafi^S«^^©5 f /\*< X© 

m u «sB-r * w-a wis w ffi c «t o t w-aa * e »t? 

•t©Jtfe(c«k051^-rs^ftt)*a (012) 
8lfftt«£*a«©»K:WW«»rtT-«ft«iST**& 
Brt*ft<. »3fc/t^ — >H**i:*ttT**Ui. 5=-s; 
^rtTttStroffiHTS-ffl^ttT**. JiftttOT*. fern- 
s' Xl*j©BUP*fiE*©IWIH©lfc-T- 0D»^jftt «■«■«■« d 

(HI 3) . EBC«k 6ft I/*— 
WftJ«JP*S©*JS ic t>ft a . * fc±B##W*l JH ©frl 

fiutsrt^-ct, n ©^a l^* €r £ a> e. -y- > x u 

Ift^fttLT, ±§3©1«^©#ffi£ffi#.£:bi±S;i 
£fc#;St<~,*l&. ffiBfc»ttflE£&tt-*©flS©IHHK:«fc 

0. f»s©tt«j£M£Bft#2ttfttMft£##*.&n« 
$fe^«6BffML.7itha^^fi:BSis6$txfc^^T : t)> M 

^t4&f-a^©tta«if(*3©/'^->®«^*^s«TT 
xf.ni, (0i4#ss) . d©«^, fi«»i6*nfc^ 

©#)g©t;— ^©fiB©«ltU(Cj;S*te^F FT^©Jf 
ttftff«r« b# ^©^fH(c*aig^»fie^©fi:fi^^:^ 
$*^W»fr-5C:<*: ! fo#^'B,n'5. FFTM 
^$>-2>2 0©!|#^^gc^rt©t!-^7.^^ h;Ptf- 
PizmsV. m%<D*22Z:\i:m-?Z>Z.^zj:r)ip\fe-T 
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»©*g&©fha^7LT^<E>ffoTt>Jl:^. &m<D® 

Sr^ft^-e-s^te^ab-s (015) . tr>*-;KZ5;*c£ 

•5= £fcP#©i!fl<^fri*KJ;S:£ftt>&S. 

£<fc#T£ 5. L^L016 (b) Kl^T«fc 

^©Kw-*a^6e»Tff3ni:3&t#^6n*. nu© 
sfc«>iiciafB*j*€r<tt*. s*®/i^->± (Sfttt 

HtWftZt. <b t> tits. i A±BUPflF3*« nJflB 1 35C *. 

fctt£xA®rtT©ISJS©SI;*:«t, S'ht&^n&o 
liB**«>Sll«!:*tt?*4. MP©***!, */Mt&tt 

-5. «sj^.tt*lOX lOmm+l-'r X*©^-y r/rtTte&W.&gg© 

tf-ay^-rn«iK^©s^fi, &/Mis.tf-£-n *>©&§& 



Ttt, i»©^jt (te«jfi. w-mffiit) , mtm mm 

m. ftttffift) , KJPOtEH. »m»JW«©»JtRrXtt 
tti&^WfctlE&fr hk>KK?*«) « 

*«**. *ifcfHBS»;:&fifc«*£LT. 

M-njAitBftAlif^ (SM. v-ilT;W , M-MAffiB 

17) . . MAH ST k©«k 5 &J85S£i§:5rr * 
r/^->0¥MMS»€ (El 7 51) f*. 

Bj£bfc/t*->©EB£Bjrr* (017 52) . z. 
nx-nrnmrn ©-e© a ^ - > ©rama*^ x-g- . /■? ^ - 

W it * If J£T -5 C £ *»T? # * . m z- y © ffffid fc 
£tkT (HI 8) . iOttf'^WXRtffy^ 

h ij f xttf *ws nrw* its. 

*££Rtft&7©S*p{a:g£J£5£-r& (0 18©53) . 
&fctt«©»^©R$fctt»^©IWH$»>£-r* (0 1 

8 ©53) . mmzfe^&T-cDtiLW&tbjjm&mfe-rzo 

SSj&Kl&fifti&Sna. C©t^^^lCiSi;T#5 L -7^' 

». t-K7*-*xsn. axttBStturrs. c© 

$5t5. (019) $*SB W-VtJl/3>tfa- 
^) 14, thffi'J*S^<hbT)^Jl<i, IfM^77, MJ¥ 
©M^ffl, S/jNffl&^-€-©teB^*^-r-5C<!:**T€r 
■5. W-SILfc«tl?»*S5t»JJi«-aUfc|HIini»*56t. 

(132 0) . ±te^l^B#(;^7K-r5)73&i 
LT±i*>6 3^7t:»*fctt*-5^»fSi:LT«**© 
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jpm, Wkmnm, mmvmxm, g/Msstf^co&g) 

tti&gfCJfcLJT. ^gCfCttS*T#-5. giJ^tt'Exce 1 

tt, X^'J-j&gg, ttK&tfftttft. ^ir^EE*. «f 
^JRlPtr e. C M P :/o-feX &^®{bf %tz*b 

* s n fits © Ii co ^ a -t x co g S it-T # -5 . 
«*.tfW©lS-e**riE*llSK*Jr»T, CMPiOXmr 

«&HAl/TMIIII«0|£MttOftlftfta%£ft 
Ofc»«>Kffi*fl=**«>4C:i:*«a»T?fTA*. «IS 

iz ts n t t> #J fix -v n- £ co 5VW x n 5> — > 

(02 1) „ Ox./\3Cftm&MT.tp CD^xAfC 
ttbTffi&©)E£#*££b£^T2raffiT€?5«-&, ± 

a>i l fc x- * c » b t mm&m & b t t> mmn-m & *i m 

* l a Nmnmm^gt-cmm uksbbtw-b bfc## 

* & § s*j-e±ren > tr ^- ^ - ksx o ja^bs/p 

— co &\ co it # co m m -> x t- a co — ^ co m m & * b tz 

*>©!?&£„ **TR)l*IHIT«*fttl/T, 



*®dtJt(6]^ft^^n;t"?i/N2fC»bT. &tiift¥ 
%\ ft* A bTfHH9£?T 5 H £ fc«fc o T#l§i-ei* 
* (02 2 (a) ) . *«H::SBa«TfiJ*»::«# 
$tlfe«?xA2fZ*fbT. &ffift^l£:ft^5g30£^b 
T«-«&ff ^difCct^Tfe^ST'^S (02 2 
(b) ) . *tft?*2>^«, S*WfCffiT5a?C0iiffl^fe 

fc m-t ^ m—omffimottib nmm ->x x a co-ct <t n 

<DtztbOx./\ (Ktt) T&^^tc^-s*^. ^tiitrg-^^ 
5tft^63fi^4 , TW^ttJ62i:S^-5. Si02)K 
©IKPSrWSl-r*«^, 7K4>-trtt^ttJT^-5&^c03>- 
h^Xh (Pfldh) j&t/hSO&S. C©i5«c»^. IT 

(J^4i;5||gi^5„ ^Z\X\ mTM<Z>yt¥ft& 
0iJ^.ti*±I2COTiN±COSiO2Mco^ ; ?JOTiNCO 
*S (02 3) „ W,=<Dmmm (In-situltSI) cofci6 

ftfc^»^fiA («») co^ff^ti-a'i-r*. x5 

U— *^ffibTV>-6fc*. #i£.ti*»7tjg^«7Ktptrco 

T^cofi^co i o^-co i aggco*icosSfr-rn«, £xa 

a^^, thS'I^n-S^PfithS'l^If^TcoM/PcosF^M 
^-co^*o^m^&^:#<-raci<i:fc«J;0. — (hJ 

mz&rm®Lmtf-rtiit£VT b&momwz &z>mmii 
e»-p^co^#^ffftr, #oxASBW©«iff©¥^ffl[ 

iAH7 7-f ^ > hStl5*<, _hlB<Z5«fc -5 fctf-MMW^ 
*. »DX>t'C0H-fi|C0^'f 5 0iJAfi^xA*^CO 

ftt)#Aeft*. ±f2thlPJl^te^'^^^C0CMPfCjlffl 
brct^. ■?xA*»S©R«t^©«-3t«»©»*«ft:^ 

^ EacoHJSWc *i c^r fc-^-ti-en^WS t O x/\ ico 
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ffl*Hfc@£^t:£-ti-5 Z. tiz TV iABrtTH|[,S 
fhaT*d£K«fcOI&P<Z>#ffi£^*;i<h*nr£*. #J 

^Jtfl: t ©ffiftffiBSMS? «fc o T feUSTS 

*. j§ffl*te^wr^^n©sijs^j(D«^ttjf a-t^.^ 

T. M*tftt«±©«»©;&©#3te»«*£2;fc7n©-fc> 
-9" £ ffl ^ T 1^ P# (::£> tB -T -5 d i: K «t o T $m Tf £ -5 . 

§§£»&ffl ^M^iJ fC|8H LfBlBt^tf-iij-r -5 C <!: \Z J: 0 iHi 
*RS«-a|-r*IR. T»a»e©RW3bWRg©JRH£ft 

«©tt-H#*iHe £ ft *. tt-flm*«ifi«<^jiTft * « 

(02 4) . «JMHMffl©A , ^->*JBfiJE-r 

«iwi)ijp*H-a-r * d <t Cck o , E^Pfl©m^Wft§« 

i««T?S*. ^©B©KJP£ff-itLTXIir£tdKJP€ 
3>hn-)l-t4Ct*«T*4. R*ttte©fl-3fcfl-tf£tf 

«t*i:iHiot*iBi«fCW-ai-rac:i:««-e#* (01 

1) . MOttffl!#aibT0i]*.tf, 1$3B¥7 - 7 4 0 8 
*d£»cJ:oTA*->J&:K©«g&>&tT#*. »6.nfc 
^ftf* ££*<-*?£* (016 (c) ) . £©£€?*■© 

*. SitSgl^^MfglUir»lffiWigtii 
■€-OI)tPKJ:oT«**««<b-r*. ■?-©£:«& dtlS&SE 
ftBE^ttajKBSBD^SCtCiOttSWB© 
Sn*ft(ill,'V>JME*IIEeff5 C £#T?*i**tBft«SE 
#i>rB£ft*. «*tfttHl/tlUU:J:oT«fflBOtt 
m&mtZ&Z&lzJ: oa6«©«T*/hS < 1"5 c i# 

5Ci*stt5. *fcdC0^b«k0, *MsH*9g&©*&&?& 



RIWfc©3ME*»&. ttH*f*©«»rWfc/^-->iii«* 

b& «t -5 It, -> U n >•> x AiK^flc^A-f X £$J 
i§T***£:fcJ;UM7-r >£:&l*«j$Kft©8n©¥ 

mmwmm\z*&wiz&z® i mmm3--v ha*atr 

&B£Wft-r*«#ra*iw«-r<a n Lummtztt o . it 

ftii&©A*— >©^£^fc£xAS®©MPK:c><,> 
Tifi^T^sa*. »**«H*©«iS©B©IgXtt¥iS 

a-r s d 1 3&«RiiiE t ft o . than b fcBtjs x - ^ * s i« 
«a£©)K*«a*«Brffitft*. *&. *«wtj:ti«. 

T&^— >QJg*€S(*«C£ft<8S©£$&K© 
BtJSRtf-t©##*. ±2 0 nm«T©i^^>»STIti'l 
T'#4cDT. ««ftftBU?©«a*fT5di*«T?**. 

tft<a®©awftBt©«»R^-€-©»**w-aT?*4 

cot-, K»±©ttift©j#ite«JPS»««fc«S-r* d i 
**TS*. £€>(c, #fgBJ3£. ^Sftr/H X©§JjgI 
8fc»BU&«£, TJ6A"*— >©#«*SW-*c:£fc 

xA£BT?©l«ff©$Miff£it>K:. fiA±i:M*n 
-y 7*rt ©MtJP©## t> W-fflT?* * ©T\ d ©thffl 
L iSISfc 7 - H A* v i7 T 4 d «t fc J: 0 , 

w«f«ft«tjp©«fa*«Rri)Bcft o , xaiaw^/t 

[0®©fffl¥ftUJBJ] 

[0 1] 0 111 *^HJ^CMPJlDX^S(CjSfflLfc0iJ 
*^-TtiBS«?fi£0T*4o 

[0 2] 0 211 *8«£J:S4ftW%¥*©lEfB©ie»r 
®0T*4„ 

[03] 0 3(1 ^JBWKJ:*^— ^©*0a**»61l 

**iicni-r**T©j!ia©««n©«Ei»BT?*«. 

[0 4] 04H *«M©«tU»«0!)«lT. -MM* 
->^#ffi-r4*^©W®0T-fe4„ 

[05] 05H (a) 8»»3tR*tsp^*©— «, 

(b) ttUttftKH£MHtf*««£©9ttft-%Ett* 
»*©— {«JT*4. 

[0 6] 0 6(1 BtJP*Wl-fllift*i:ttffit*ffl^&* 
■&©»ttl»*«**f ^ 5 77?**. 

[0 7] 0 7(1 ffilE8i%H<D-mT'$>Z>. 

[08] 08(1 CMPUOlS«t*fB*K«fc*BtJS 
«-jH«Bt©«l»«lriE*lftP'r«>jEBHT. (a) (lift 
*§K S:j®X|g^. (b) ttW*Jni»T«TifeJf* • ft 
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m^nom. (c) ttw*ini+, (d) itmmmx'& 
[010] aion *mwiz£zyt¥?<k<D-m&*-? 

[HI 1] Bl 112. Ty^( *>b-%8k<D-MZm?¥- 

ran] 01 211 mitmm* m sterns <vstm$LW 
[gi3] @i3ii lT-yfoftm-v&feVfz&Ta 

[0 15] 115H ItSil^lf©^:#$O^D#^^© 

[016] 01 6ii. m-a«»©a^wcj:4«-jsiiB*o 

M n w — 0ij & ^ T 0 T afe -5 . 
[017] 017H JKosps*ii©M:jt^ffio-fifij* 

s^T^-f x y ix-r mm cdiek0t& -s . 
[018] @i8n &?&mm?z>m<Di& z ¥-<of8i7£jj 

mo— M&7ik-?7-( X SiM(75iES0T-a5-S)„ 
[019] 01 9(1, *»W©*J6OT©««©«-S!>'- 

y > x <z>— m £ ^-r 7 d - 0 t * & . 
[020] 02 on ozL/M&ffioimmttftiimMwth 

7, X U-f Mm <F> jEH0T$> -5 . 
[02 1] 02 111 K^ffhPI^^&7 , 'n-feX^#l'7 

<5>„ 

[022] 0 2 2 n w«bnittT«T?ifti* • tt**fr 

*fiE®WB§»fS0T?$)O. (a) tt3t^tB*©— SB 
£*<f (Cif AUTtf-S'l^TS*^. (b) te7fc#;g£^ 

[023] B2 3I1 Atf-emm&ftmi&ft 
[024] i2 4ii &mmm<D&m-z*wcMTz>®'& 

<£>jEffi0T<&-£>„ 



1 2 £;nA 3 Xt—V 

4 A-v^n^-t^-* 5 WcM^-yX 

6 %U 

7 \Z>-fc-)V 8 \L—l*7S7*}y9 9 

1/>X 

10 %mv\z<o 11 mm&T 12 ccd 

13 0#ft 

14 0ifc>tffi««ffi-fe>-y- 15 «-3tt»SE«-*lI 

$ 

16 Ofrft&mftKiWm 17 FFTHMX^ 

18 MEMmWigtX^? 19 h 

;u 

20 bf— ^M&gc 21 tf-^Jl &&<D{£fg 

22 n$>-> (SHIS) 

23 flUTiS 24 IK' 25 ttft$Ll& 

26 fcffi#«*<KSns«£©#3teSEJ8 27 ft 

28 ^lA^ftfl 29 OTSSg 30- •—•^3lJ\ 

31 xf-?*fu* 33 

34 afeJta^ 35 f-AXyy-^ 36 

U>X (1) 

37 U>X (2) 38 Qffl7 4)li? 39 

40 41 CCD*^7 42 

43 44 stmmm 45 wmn&- 

> 46 nmv>x 

47 > 48 m 49 St) 51 

52 /^->Eii 53 tt^aaseBBi 54- 

55 8HJP#*|T 56 SSBJMdb^ 57 

59 60 X5U- 61 &tti3g 

62 tzn.fmmmoftyt&LB 63 

64 hl/Vhm 
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